We investigated the production of neutralino pairs via photon-photon 
Introduction
In the supersymmetric theory [1] , proper electroweak symmetry breaking induces the right properties of the lightest supersymmetric particle (LSP) to be a natural candidate for weakinteracting cold dark matter, which can explain many astrophysical observations [2] . The minimal supersymmetric standard model(MSSM) [1] ) [3] , where λ ′ is the bino and λ 3 is the neutral wino, the neutralino mass matrix in the Lagrangian is given by In the above equation, the neutralino mass matrix is related to four unknown parameters, namely µ, M 2 , M 1 and tan β = v 2 /v 1 , ratio of the vacuum expectation values of the two Higgs fields. µ is the supersymmetric Higgs-boson-mass parameter and M 2 and M 1 are the gaug-ino mass parameters associated with the SU(2) and U(1) subgroups, respectively. In CPnoninvariant theories, M 1 , M 2 and higgsino mass parameter µ can be complex. However, M 2 can be real and positive without loss of generality by reparametrization of the fields. In this work we shall investigate neutralino pair production in framework of the MSSM while ignoring CP-violation and taking M 1 and µ as being real. The matrix Y is symmetric and can be diagonalized by one unitary matrix N such that
in order of mχ0
. Then the two-component mass eigenstates can be
The proper four-component mass eigenstates are defined in terms of two-component fields 4) and the mass term becomes Higgs bosons could enhance the neutralino pair production rate over a rather wide colliding energy range at electron-positron colliders.
So far there is no experimental evidence for neutralinos at CERN LEP2. They only set lower bound on the lightest neutralino mass mχ0
1
. Recent experimental reports presented that the mass of the lightest neutralino may be larger than 32.5 GeV [6] and the lower limit of the chargino mass is 76.8 GeV [7] . The direct neutralino pair productions at the CERN Large
Hadron Collider (LHC) are studied in references [8] [9] [10] . The production of neutralino pair can be produced also at the LC machine operating in both e − e + and γγ collision modes.
Recently, it has been found that theχ 0 1χ 0 2 production rate in e + e − collision mode can reach several handred femto barn [11] .
In this paper we investigate the potential of direct neutralino pair production at the LC operating in photon-photon collision mode in framework of the MSSM with complete one-loop Feynman diagrams. The numerical calculation will be illustrated in the CP-conserving mSUGRA scenario with five input parameters, namely m 1/2 , m 0 , A 0 , µ and tan β, where m 1/2 , m 0 and A 0 are the universal gaugino mass, scalar mass at GUT scale and the trilinear soft breaking parameter in the superpotential respectively. From these five parameters, all the masses and couplings of the model are determined by evolution from the GUT scale down to the low electroweak scale [12] . The paper is organized as follows: In section 2, we give calculations of the neutralino pair production at the LC operating in photon-photon collision mode. In section 3, we discuss the numerical results of the cross sections. A short summary is presented in section 4. Finally the explicit expressions of form factors for s-channel diagrams are listed.
2. The Calculation of e + e − → γγ →χ
Neutralinos can be produced at e + e − colliders, either in diagonal or in mixed pairs. In this section we calculate the processes
The generic Feynman diagrams contributing to the subprocess γγ →χ Here we should mention two points: (1) There is no diagram with a triangle squark(slepton)
loop coupling with an A 0 or G 0 boson in Fig.1 , because the vertices of A 0 (G 0 ) −q −q vanish [13] . (2) Our calculation shows that the Feynman diagrams involving quartic vertices Since there is no tree level diagram for the neutralino pair production via photon-photon collisions, the calculation for this process can be simply carried out by summing all unrenormalized reducible and irreducible one-loop diagrams and the results will be finite and gauge invariant. In this work, we perform the calculation in the 't Hooft-Feynman gauge, and take the CKM matrix as identity.
We denote the reaction of neutralino pair production via photon-photon collisions as:
where p 1 , p 2 and k 1 , k 2 denote the four momenta of the incoming photons and outgoing neutralinos, respectively. In calculation of the amplitude, one should note that there should be a relative sign (−1) δ ij between the amplitudes of one diagram and its counterpart obtained by exchanging the final neutralinos as a result of Fermi statistics. The corresponding matrix element can be written as
where 
In the above equation,t ± = 1/2 (m
δ ij is due to the two identical particles in the final states. The bar over the sum means average over initial spins.
The neutralino pair production via photon-photon fusion is only a subprocess of the parent e + e − linear collider. The total cross section of the neutralino pair production via photon fusion in e + e − collider can be obtained by folding the cross section of the subprocesŝ σ(γγ →χ 0 iχ 0 j ) with the photon luminosity.
where √ s and √ŝ are the e + e − and γγ c.m.s. energies respectively and dL γγ /dz is the distribution function of photon luminosity, which is
where f γ/e is the photon structure function of the electron beam [14, 15] . We take the structure function of the photon produced by Compton backscattering as [14, 16] 
where
(2.8)
Taking ω 0 the maximal energy of backscattering photons, or, ξ = 2(1 + √ 2), we have D(ξ) = 1.8397.
Numerical results and discussions
In this section, we present some numerical results of the total cross section in the mSUGRA scenario from the complete one-loop diagrams for the process e + e − → γγ → 
Summary
In this paper, we studied the pair production processes of the neutralinos via photon- 
Appendix
In this appendix we list the form factors for the one-loop s-channel diagrams. The amplitude of s-channel diagrams, which was defined in Eq. (2.2), has the form
We divide the form factors into four parts: f
, which correspond to loop diagrams of W ± , charged Higgs bosons and ghost particles in 
The couplings of Higgs boson(B)-χ j -χ i (χ =χ 0 ,χ + ) are denoted as
All the explicit expressions of relevant vertices can be found in the Appendix of [13] . The form factors are expressed explicitly as follows. g represents electroweak coupling constant; Q f denotes electrical charge(Q τ = −1, Q t = 2/3, etc.) and the factor 3 in f
In the above expressions we adopted the definitions of one-loop integral functions in [18] and defined d = 4 − 2ǫ. The numerical calculation of the vector and tensor loop integral functions can be traced back to four scalar loop integrals A 0 , B 0 , C 0 , D 0 as shown in [19] . 
